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ABSTRACl] In die human In aim the neuronal pathways are networks which support our 
learning, memory and thought, and which work with permanent feedback. However, only 
I'Tr of illustrations of these neuronal pathways, in the' aa analysed school textbooks coming 
I roin l.i countries, were showing feedbacks. The neuronal pathways related to movements 
were generally introduced by linear spinal cord reflexes, and sometimes mosth reduced to 
reflexes. In consequence, in most countries, the scientific knowledge taught with these 
images nl neuronal pathways was linked with an implicit ideology; A clear behaviourism asso- 
ciated with i educiiouisin. and even sometimes with iitnausiu or spiritualism. Two thirds of 
the few images with feedback were related to vegetative litiu lions: the neuro-bonnotial com 
irol of female and male reproduction, and of heart and breathing rhythms. Nevertheless, 
even ha these vegetative controls, there was not any feedback in several olTlie ao analysed 
textbooks. Olilv in three countries, the double innervation (gamma and alpha) of striated 
muscles, with the regulatory function of the ueuro-muscular spindle, was illustrated with 
only one image in each of the three corresponding textbooks. Few images illustrated neu- 
ronal pathways in the brain, and only exceptionally as the neuronal networks {with feed- 
back) which are the supports of our memory and of our thought. The persistence of the 
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same kind of 'images in school, textbooks nl these contrasted countries suggest dial die con- 
ceptions of human brain are less linked to national sodo-nilunat contexts rather than to 
i i uerna tiona I d< >rainan t it leologies. 

KEYWORDS: Feedbacks, human brain, school textbooks. 

Resume 

Dans le eerveau hnmum, tons les trajels uerveux forment ties reseaux qut son I 
k\s supports de nos apprentissagese de noire memoire el de nos pen secs el qui 
fonetionneni avee de multiples regulations (feedback). dependant, I’ analyse des 
images de irajets uerveux dans 55 manuels scolaires de 15 pays montre que seule- 
nient 19% d'entre dies dlusireni des regulations. Les irajets uerveux impliques 
dans It s mouvements sum en general tmrodum par des reflexes spinaux liueaires. 
el parfois quasimciit rertuits a des reflexes. II s’avere ainsi que, dans la pin pari de 
ces pays, les counaissances srienlifiques tlkistrees par de lelles images de trajels 
nei veux vehiculeut aussi, a leur insu. une ideologic implicit?: une pensee behav- 
iorism ei red uetionn iste, parfois nieme inuciste on spiritualiste. Les deux tiers des 
quelques images qui presente ni des retroactions illustrent ties font' tions vegeta- 
tives: le rout i dle neurodiormonal de la reproduction die/ la femme et t he/ 
riioinmc, et du ry thine cardtaque on respiraioire. ( *e pendant, mettle pour ces 
foneiions vegetal tves, il n'y a aucuu processus de regulation present? dans 
plusieurs des manuels scolaitvs analyses. La double innervation (alpha el gamma ) 
de tout muscle si lie, assoeiee a la function regula trite des fuseaux ueurornuseu- 
laires, n'est schematise? que dans trois pays (avee une image settlement dans dia- 
nm des trois man tie Is scolaires). Ties pen d images illustrent des irajets neuronaux 
dans le eerveau el nous n'avons trouve qu'uue settle image de resea ux neuronaux 
cerebratix en tani que supports de non e memoire et de nos pe usees. La presence 
ties mettles types dimages de irajets uerveux dans les manuels scolaires de res pays 
pourtaul ires contras les entre cux, suggere que les conceptions stir le eerveau 
fiumatu dependent moins de spcnliritcs socincullurelles natiouales que d ’ideolo- 
gies dominames transmuionales. 

Mots des: Cerveau humatu, manuels scolaires, regulations 

Introduelion: Theoretical Background and Research Question 

Lhe scientific content of Net l rose ieiices is evolving very Iasi, especially during 
the last 20 years with the emergence of cognitive sciences and of the cerebral 
imagery. five concepts of cerebral plasticit\ and epigenesis are now central in the 
research field (Changeux, 1983, 2002; Edelman, 2000), as well as the coiiuexion- 
uisin and lhe concepts of emergence. enaction and umwelt (Varela, 1989; 
Siengei^s, 1997; Stewart, Sclieps, & Clement 1997; BuLsserel, 1999). We know that 
our leaning and our memory are configured in our neuronal networks (Changeux 
& Rirneur, 1998) and that any proc ess in our c entral nervous system is controlled 
by several regulations, with neuronal feed-back. 

In France, a recent president of the National Committee of Programmes for 
the Life and Earth Sciences, was claiming dial "the tybmielic approach can bran extra- 
ordinary pedagogical tool, offering as a language and a formalism very ra\y to usc n 
(Calvtuo. in an interview l>v the SNES*), and proposed to introduce in the syb 
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labuses the concepts oi homeostasis and of servomechaniins, Carpenter (198 1) 
developed in his book on Neurophysiology a simple formalism ot cybernetics 10 
illustrate the control of an\ movement by the double innervation (gamma and 
alpha) of every striated muscle* 1 le insisted on the importance of this control, iudi- 
catjng that, for instance, the so l ear muscle of the cat is innervated in 150 motoneu- 
rones a and 100 motuneurmu's y (Matthews, 1972)* 

How these perspectives arc introduced in the biology syllabuses? A first survey 
has been recently conducted by Clement* MoueLhi, and Ahrougui (2000) to ana- 
lyze the French and Tunisian syllabuses and textbooks* They indicated a strong 
influence of behaviourism and her eduarianism in hiolog\ svltabixscs, Ian identified 
a recent introduction of the concept of cerebral plasticity in France textbooks* 

Textbooks always constitute an important step in the didactic transposition 
(Bruillard, 2005; Bernard* Clement & Carvalho* 2006). Wc analysed die content of 
the textbooks as the expression of 1 1 it- interactions between die three components 

of the KVP model (Clement* 2004, 2006): K stands for the scientific knowledge 
related to the nervous system and more precisely to the human brain; V stands tor 
the values as ideologies, philosophies, or ethics which are generally implicit behind 
the precedent points; and F expresses the soc ial practices ol the authors and pul>- 
lishers of the textbooks, relief ting practices, the teachers, and the sot ial context in 
general* 

For instance, the reduction of neuronal pathway to hneai transmission* with- 
out am regulation from stimuli lo responses* illustrates the influence ol beha- 
viourism (('lenient et a l *, 2096) as well as of the reduction! list ideology 
(Canguilheni* 1981)* The reduction to reflexes is probabh also a sign of the inllu 
ence of liereditar ianisut (innatisin)* t he separation between brain and body, die 
former controlling the latter* could also be a new way n> express the ("artesian dua- 
lism with the separation soul body. 

Our work is analyzing the current syllabuses and textbooks from 15 different 
countries, using some concepts ol the Didactics of Biology, Die didat lical trauspo- 
sition, defined l>v (ihevallard (1985) for the didactics ot mathematics, lias been 
al reach adapted to biology education (Clement, 1998, 2006)* We look into consi- 
deration the interac tions between scientific knowledge (K), values (V)* and social 
practices (P) (the KVP model) at each level ol the transposition and we compared 
the textbooks from 15 countries to investigate whether some of the KAT interac- 
tions were present and to what extent existing differences were related to some 
sociocultural features of these countries. 

Material and Methods 

this work was part of the European project ol research BIOI iEAIM atizen 
(Biology. Heath and Environmental Education for better Citizenship), c oordina- 
ted h\ Carvalho, ( ’lenient and Bogner (2005). A great pari of tins project de alt with 
the critical analysis of syllabuses and textbooks for six topics* and "Human Brain’' 
was one of them. YVe have analyzed 55 school textbooks that are used in 15 coun- 
tries. Eleven countries are Located in different parts of Europe (North and South* 
West and East), All these countries differ in terms of their own history and their 
ec< momical, social. < ultural and religious characteristics. The oilier lorn c onnn ies 
are non-European and are included in the Trench Speaking ( lommumlics/' 
despite the fact Arabic is die official language in Morocco, Tunisia, and Lebanon, 
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In the 15 countries, we used the same grid that was elaborated collectively wiili- 
iu the BIOHEAD-Gilizen project. We analysed only the answers of the pan of the 
grid reproduced in the Table L For this analysis relating to the topic "Human 
Brain"' in the textbooks, we chose this part of the grid because ii was, highly signif- 
icant of the possible reduetionism in the biology teaching and of the possible pres- 
ence of implicit ideologies. 


TabU 1 

-Part of the Grid l sed to Analyse the Chapters Dealing with Human Brain 

C-2, Grid -Analysis of the Images with (Neuronal) Pathway for Human Brain 

Image on pages Total 

Gatcg I: only Stimulus — * TNS (Central Nervous System) 

Caleg. 2: Only CNS — * Response 
Caieg, A: Stimulus ^ Spinal Cord — * Response 
Caleg 4: Stimulus Brain — * Response 
Cat eg, 5: Several stimuli, and / or several Responses 
( lateg. 6: with feedback(s) Brain -* Response -* Brain 
Categ, 7: Muscle double innervation gamma +■ alpha 
Catoeg.8: other voluntary movements oi sensori- 
motor coordination with feedbacks 
Categ. 9: Ncuro-hornumal regulation 
Cat eg. 10: Other examples of regulation 

CNS - Central Nervous System, including spinal cord and / or brain. One 
image by box: Just indicate Use page number (e.g., p. 23). In the column at right, 
indicate the total number of images of each category. 

Note : An annex was present, giving more information on the definition of die 
ten categories. 


Results and Disc ussion 


General Results 

A team from each country filled die same grid {including the pan reproduced 
in the Table l ) For each chapter dealing with Human Genetics. Most of the 55 text- 
books were Biology textbooks, but some were dealing with psychology ai the end 
of secondary school (Portugal), or more generally with science at the primary 
school. The chapters related to Nervous System and Human Brain were generally 
developed at the end of ihc 1 secondary Sc hool, ihc Iasi veai and/or the year before, 
depending on each country. The situation was very diverse for the- earliei years, 
with or without teaching the human brain. In most of the countries, tins topic was 
totally absent at the primary school. Due to this diversity, we grouped together in 
the same column of Table 2 the results obtained from the two Iasi school wars, and 
in another column all the other school levels. 
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Occurrences oj Images Showing Neuronal Pathnwy. s, only Linear ("Linear'} 
or with Feedback* ("Emdback " ) in the Analysed Textbooks, finm Each Count/) 


Participant 

Country 

Number 

of 

text 1 walks 

umler Hi 
years 

17- 

19years 

TOTAL 



linear 

feedback 

linear 

feedback 

linear 

feedback 

Estonia 

2 

0 

0 

0 

0 

0 

0 (0%) 

1 ail mania 

1 

1 

0 



1 

II (0%) 

Italy 

8 

11 

0 

1 

0 

U 

II (11%) 

Cyprus 

1 

15 

0 


- 

15 

1) (0%) 

France 

16 

23 

1 

72 

It} 

95 

20 (17%) 

I .rhaunn 

i 

26 

2 

10 

6 

36 

8 (18%) 

Tunisia 

4 

5 

0 

17 

5 

22 

5 (\ 9 %) 

Malta 

2 

7 

2 

‘ 

- 

7 

2 <22%) 

Portugal 

3 

7 

3 

3 

0 

0 

3 (23%) 

Romania 

1 

- 

- 

32 

10 

32 

III (2-1%) 

Finland 

2 

5 

1 

4 

2 

9 

3 (25*) 

Germany 

3 

5 

2 

4 

1 

9 

3 (25% ) 

Hungary 

t 

0 

0 

7 

3 

7 

3 {30%) 

Mo rot t o 

2 

9 

() 

2 

5 

It 

5 (31% ) 

Senegal 

2 

5 

0 

4. 

6 

9 

0 (40% ) 

TOTAL 

r>r» 

1 10 

10 

158 

55 

277 

hS 

% 

100% 

92% 

08% 

74% 

im 

80% 

20% 


The results in Table 2, indicate dial in Estonia (tivo books, one with 8 pages 
and the other one with 5 pages on Human Brain), there were no images with a 
neuronal pathway* and in Lithuania there was only one image (Stimulus-* Brain 
— * Response) in 40 page's relating it) Human Brain. In the other countries, there 
appeared important variations, but in all eases the linear pathways with no feed- 
back at all consisted the majority of images (80%), indicating a strong rcduciio- 
nism as well as the influence of behaviourism. In two countries (Italy and Cyprus), 
there was not any image with feedback. In contrast, some countries presented 
images with feedback in a proportion just below 20% (France, Lebanon, and 
Tunisia), other countries about 20-25% (Malta, Portugal, Romania, Finland, and 
Germany), and for I Iungarv, Morocco, and Senegal, 30 to 40% of the images pre- 
sented pathways with feedback. Tims, when pathways were presented, die linear 
pathways (without any feedback) for nervous tracks were the dominant ones in all 
the textbooks from all countries. 

The Control of Movements: A Massive Dominance of Linear Patterns without any 
Feedback 

In textbooks presenting images, the example of the motor reflex was always 
present, because ilhs pathway is simple. Nevertheless, the reduction of tin 1 nervous 
pathways to reflexes is carrying implicit behaviourist messages, sometimes associa- 
ted to hereditariamsm when Lhe examples are focused on innate reflexes. 

Figure 1 was common lv used for the youngest students in several countries, 
showing a typical behaviourist schema: Stimulus and receptor — > Brain as a black 
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box — » Muscular response. This represents an important message, because most of 
our movements are controlled by this kind of reflexes (when we are walking, stand- 
ing on, etc). Nevertheless, ii also suggests that there is no feedback in our move- 
ments, presented as only controlled bv our sensory perception without any refe- 
rence to gamma and alpha muscular innervation. 


Lc schema bllan 
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Figuw /. Typical Behaviourist / invar Pathway: Stimula* — ► Brain -* Muscles (Frnirh Textbook 
Hhing y 3* « / -Z-/.5 Imn Old Student*. Bardot 1 999, ft. IS 7f. 


Figure 2 is an example illustrating a behaviourist pathway including a network 
of interactions inside the brain, which is no longer considered as onlv a black box 
{category 10 of our grid) . That is the onlv image with feedback in the French text- 
books for students vounger than Hi years old (Table !2) and a special category in 
our general diagram {Figure 6), This image was just inserted in a larger image, 
which was nearlv the same as in Figure 1, representing a typical behaviourist linear 
pathway {category 1 of the grid). 

For older students, the interactions inside the brain spec tiled the intervention 
of several cerebral areas, but generally with a lotalh linear pathway inside the 
brain, with no feedback (Figure *V). 

All the precedent examples concerned controls ol movements that imply the 
brain. Nevertheless, one of the main problems related to the topic "Nervous 
System and Human Brain” was the great importance of nervous pathways illustra- 
ting only reflexes, where the central nervous system was limited to the spinal cord, 
as indicated in Figures I and 5). The linear pathway (without any feedback) was 
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Figure 2, I 'hr Samr Pathway: Stimulus — limit i —* \ltt\rfr.\, but with Fredbnrks hrlwmt Stvmti 
Cerebral Amis: Thr Brain h Slot Fatally u i Shirk Box. {French Irx Shook Biology y x_ i f /5 
Years Old, Nathan Publisher, 199% //. 197). 


sometimes more complex with the command of several antagonist muscles that 
were involved in the samr movement (category 5 of our grid, Figure I). The usual 
example in all the countries, and especially in France and Tunisia (Clement et al , 
2006) was the involatic reflex, I lie central miruus system was only the spinal cord 
(Figure 4), and the origin ol the reflex was a sensory receptor that was generallv 
not known by the students, that is. the neuromusciilai spindles (Figures 4 and 5). 
In fact, this receptor has also an important role in tlie consol of an ^ muscular con- 
traction* as a comparator between Lite wished contraction (transmitted n> ii by the 
gamma innervation) and the obtained contraction (corning from the alpha inner- 
vation. which is set in motion by the brain being informed In llie sensor ial nerves 
coming from the neuromuscular spindle, playing here its sensorial function). 

W hen Lex l hooks were introducing images of neuromuscular spindles and pre- 
senting their .sensorial function, it would not be so complex to introduce also the 
gamma innervation and the mechanisms of regulation of muscular contractions 
for the human body movements. This was done and was illustrated by one image 
only in Lebanon, in Romania, and in Tunisia, but ii was limited to the example of 
mvotatic reflex (Figure f>L including onlv lire spinal cord and not the different 
areas of cerebrum and cerebellum, which are implied in any voluntary or even 
automatic movements, as are the areas drawn in Figure 3 (foi more information cm 
these points, set* Clement et nL, 2006). 
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The Neurodiormonal Controls: With or without Feedback? 

As referred before (Table * 2), I here are lew images with feedback related to the 
human brain or nervous system in Lite 55 analysed textbooks. Onlv t>5 (19%) 
images with feedback on a total of 342 images illustrating neiYous pathways. More 
I ban 2/3 of these 65 are dedicated to the neun>-hormonal controls (Figure 6) gen- 
erally ol die human reproduction, sometimes ol heart heals (tension) and/or res- 
piration. 
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L'EXEMPLE DU REFLEXE MYOTATiQUE 


Figure 4. The classical linear pathway (Stimulus — ► Spinal chord — * Muscle, The myotalic Reflex 
(French Textbook l nr S - Sciences for 1 (y- 1 7-years Old Students, Bordas Publisher, 2001 , 
/a 1911 



Riga re 5 . An Exceptional Eeedlmck with the Gamma / Alpha Innervation of Muscular Fibres, but only 
for the My ota th Reflex {Tunisian Textbook for / H-years Old Students = Last Year of Secondary 
St h oof. St ten res " St ten t es \ a t u relit *x " 4hm f Si . Exfr , 2004 t I u n is: ( - AY \ fj.2111 
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Figure 6. HfjmrUimn by tapirs oj the 65 images {minting Jmihafk in nit analysed textbooks (set also 
the tight f olumti of Tahtr 2 fm tin it at tune use by nmntryt. 

The most frequent illustrations ol neuro-hormonal regulations with feedback 
are found for the control ol the sexual women cycle and also the control of men 
sexual activity. Figures 7 and 8 are illustrations of this kind of feedback, generally 
occurring ai the level of the* hypothalamus. It is more an interaction between hor- 
mones and central nervous system controlling netirohormones secretion, rather 
than feedback inside the brain itself. 

Nevertheless, even here, we can find in some countries (as in Portugal, or in 
c A|u us: Figm o lb a still linear control coming from the brain (the hypothalamus) 
without any reinxoiurol mentioned. 

There is here a strong link not onh between these taught knowledge and die 
values of reduciionism and behaviourism, but also with important social practices: 

I low to understand the use of feminine contraceptive pills without any knowledge 
on the neuro-hormonal regulation they are interfering with? 

lire regulation of the cardiac rhythm is another example of a possible illustra- 
tion of a ueurohormonal retro-corn rot to illustrate feedback. Nevertheless, in se- 
veral coumries (as in Tunisia), thr> onh illustrate this reflex activity with a linear 
pathway "Receptors * Central Nervous System ► Responses," And even when the 
feedback is drawn in the nervous pathways, the explanation can still be beha- 
vinuiistir. 

All these examples illustrate tin- resistance of most of the biology textbooks to 
include die processes of regulation, with cycles or even some dear feedback. As if 
ii was too complex for the students (and or for their teachers...). Nevertheless, the 
taught knowledge is often rich in new concepts as indicated here in Figures and 
1. In contrast, schemas with feedback can be very simple and clear, as in Figure Id 
reproduced here from a Hungarian textbook to illustrate somatic and vegetative 
reflexes related to tin 1 spinal cord. In consequence, ii is less a question of simplic- 
ity vs. complexity than a crucial choice to leach or not the processes ol regulations 
and the concept ol* feedback., a choice to teach or not that even' biological process 
is regulated, and never a single cause — effect process. 
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Figure 7. \ n Example of u Xeitw-honnunal Pathway with Positive and Negative Feedbarks at the Irvel 
of t hr Hypothalamus which Controls the hr male f form ones il.ll and FSff). 
t Modified from a t^ehanese textbook: Sciences dr hi I V. 5^ yea 7 {Ifi-17 y ears old students h 
( Jtalhouh rt f t Beyrouth: CRDp 2002, ft. 306. The initial image is coloured), 



Figure S. \ n Othn Example of a Seuro-hmimmal Pathway with a I'irdhark. The light gtcy host s are (hr 
urtvons system; fimn left to right: stimulus — * seme organ — ► central nervous system —* hypo- 
thalamus t he doth grey boxes tw autocrine parts (hypothalamus — *■ pituitary — * endocrine 
gland), the feedtank is coming from the 'it rnvume production ^ to the hypothalamus. 
(Modified from a Finnish textbook; Bios f: Human Biology, /6- /-V years old students. 
Happonrn rt ai. Ytrfn Aalto \\\t*v publisher. 20(l*>. p.i3. The initial image is r.olmirrd) 
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Figure t} No feedback in the Control (by the Bruin) of the St'xual Activity for Women (at left) and Mm 
(at right): Modified from a Cyprus textbook: Human Biology -Health Eduction* Kousparmt 
Adi et ah 2 nd grade of High School (13-14 sears aid students), Cyprus: Ministers of 
tut neat ion, 200 h p.23 and pJS t 
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Figure 10 , (Hear Feedimrks S turning the Samatir and Vegetative Oejlexes related to the Spinal Chord 
(Hungarian textbook for IS sears aid students, Brnfagia A; Mihaly C et ah Toth ( 'Ha pub- 
lisher, 2003 , p. 72^1 


Are There Ulus Ira lions of Cerebral Neuronal Networks in Textbooks? 

Verv few countries are illustrating neuronal networks in the brain. In the text- 
books for the youngest students, there are sometimes areas drawn inside the brain, 
with linear connections between (hem, or in lew cases, with a network of areas 
including feedback (e.g„ Figure 2). This dominance of anatomy iu biology was 
identified by (kmguilheni { 1981 ) as an ideology, and is si til prevalent in most of the 
biology textbooks in the 15 chosen countries. 

For older students, some neurons can be drawn inside the brain or inside the 
spinal cord: with only one of two neurons (Figures 4, S t and 10), or more as in 
Figure It, but still in a linear continuity, without any feedback. These examples 
(Figures 4, 5, 10, ! 1) also illustrate that there are generally more images of neu- 
ronal pathways in spinal chord rather than in brain. The brain is possibly consid- 
ered as too complex by teachers and by publishers of lextbooks, too complex for 
themselves and in consequence for their students, as Clement ( 1996, 1997) showed 
in France from teachers' interviews. A possible explanation of this complexity can 
also be the persistence of a spiritualist, or at least dualist, interpretation of the 
thought (Clement 1994). 



Figure II U.nrar Pathways Involving Stvemi Nmrmm in the Spinal Chord (njlrx) {Modified from 
a French textbook 1st 5, 16-17 ymrs old students, Holier publisher, p. 163: (hr origin of 
i mage is coloured). 


1 1 l the 55 analysed textbooks, we found only one illustration of cerebral neu- 
ronal networks with feedback, in a Senegalese textbook (Figure 12), to illustrate 
the storage of information in our memory. This image is typical of the knowledge 
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Figure i 2. \ it exeeptional image of enthral nemmml nelvMtrk with Jerdbarks* showing how they ran hr 
the support of' memory ( modified from (hr Senegal textlmik for ItS years old .students, IS- IV 
years old students. Dion M CT Esralin f, Nathan pahi, I VS 3, p. 266: the original is 
minuted l 


coining from research in neurobiology and cognitive sc iences, h is an exception in 
die analysed biology textbooks, the memory is not a total mvsLery. The brain is not 
a black box where the students (and their teachers) often put the soul or the spi- 
rit (Clement 1994, 2004), but it is lull of neurones and neuronal networks that are 
the biological support of our thought and memory. 

In conclusion, most of the images of neuronal pathways of the 55 analysed text- 
hooks coming from 15 countries show to be still under the influence of: 

(1) red net ion ism. without any feedback or cycles or regulations, widi ven few 
exceptions, which are mainly dealing with neurohormonal control (and 
this not in all die 1 5 countries), 

(2) behaviourism, with a large prevalence of the schema ''Stimulus — * Central 
nervous system (brain or spinal chord) -* Response" 1 : in 14 of the 15 coun- 
tries (the 15 l1 ' is Estonia: iherc is no image of neuronal pathways in the 
Estonian textbooks) , 

(3) innatism (or hered Italian ism), only in some countries as Tunisia where the 
place devoted to innate reflexes is verv important; 

(4) s|.iiritualism, which is more implic it when the brain is at the origin of the 
controls, or even when the brain is like an anatomical black box with a 
strong resistance to explain dun our memory and thoughts are located in 
neuronal networks. 

Very few images are related to the constructivism or the cognitive approaches. 
These results are so strong in all the 15 chosen countries that the few differences 
observed from one country to another arc not relevant, suggesting that the con- 
ceptions (interactions RVP, between scientific knowledge, values and social prac- 
tices) on human brain are less linked Lo local or national socioculliiral contexts 
rather than to international dominant ideologies, which to change and to integrate 
the new scientific findings of research, on the human resist to change brain: epige- 
nesis and plasticity of the neuronal networks, which are in our brain the biological 
support of our thought, learning and memory 1 * and which are organised with a lot 
of feedback. 
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